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(57)  Animage creating apparatus for creating plural
kinds of images which are different in each image class
about brushwork and expression based on data of a sin-
gle image, which includes a face component library (11)
and a rule library (12). The face component library (11)
is composed of image libraries (11a to 11g) of the
respective face components such as eyes, noses,
mouths and so forth each of which stores a plurality of
image groups of the respective face components having
different image elements in each of image classes "i=1
to n". An eye image library 11a stores an image group
composed by a plurality of eye images having different
image elements about slant and roundness for each
image class. The image elements are an item for meas-
urement about character quantities exiracted from the
entered image data. In the same manner, the rule
library (12) is composed of a select rule library (12a), a
deform rule library (12b) and an arrange rule library
(12c) which store rule groups consisting of a plurality of
rules for each face component about each image class
(i=1ton).
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Description

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to an image creating appara-
tus for creating an image in accordance with prese-
lected classifications upon entry of data, and more
particularly to an improved apparatus suitable for creat-
ing an image relating to a face of a person.

2. Discussion of the Related Art

A portrait is conventionally used in mass media
such as newspapers, magazines and so forth, comput-
ers such as displays of icons in personal computers or
insertion into writing documents in word processors.

Drawing a portrait precisely expressing features of
a face of a person is difficult because the drawer is
required to have a good observation power of extracting
a character of the face and a good representation power
for exaggerating and reproducing the character. Accord-
ingly, there is expected the development of an appara-
tus for automatically creating a portrait upon entry of an
optional image.

There has been proposed heretofore a technique
for extracting character quantities of face components
such as eyes, a nose, a mouth, eyebrows and ears in
the entered image of a face, and choosing or deforming
face components previously stored based on the
extracted character quantities to be arranged to make a
portrait. This technique may be applied to creation of an
image which is composed of a single or a plurality of
image components other than portraits.

In this technique for automatically making an image
such as a portrait, a single form is employed to chose or
deform an image component based on a character
quantity of an image component extracted from an
entered image, so that portraits cannot be made in plu-
ral different kinds of forms based on an entered single
face image which are different styles or facial expres-
sions, that is, plural different kinds of portraits cannot be
made about the same person.

SUMMARY OF THE INVENTION

It is, therefore, a primary object of this invention to
provide an improved image creating apparatus in which
image component data is selected by a character quan-
tity of an image component extracted from entered sin-
gle image data and a selected-and-entered class to
create an image, so that plural kinds of images having
different styles and expressions may be created based
on the entered single image data.

It is another object of this invention to provide an
improved image creating apparatus which extracts a
character quantity of a plurality of face components
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including color of at least one component from entered
color face image data and corrects a standard color of
at least one face component image to create a portrait
with bright color based on the entered color face image
data.

It is still another object of this invention to provide
an improved image creating apparatus which may
express a composite image in three dimensions without
increasing the number of images, whereby reproduction
of portraits created based on the entered face image
data is improved.

According to a first aspect of this invention, there is
provided an image creating apparatus which includes
an image input device for receiving input of image data,
a storage device storing a plurality of image component
data each having a different character quantity in each
of a plurality of image classifications which is provided
with a different trend of character quantity, a class select
device for receiving a selection-input for one of the plu-
rality of image classes, and a control device for select-
ing image component data from the storage device
based on a character quantity of an image component
extracted from the image data received by the image
input device and the image class selected by the class
select device to create animage. The image component
data includes a select rule of image component data.
The image data input device includes an image pickup
device for taking an image. The storage device stores
component data about a face so as to create a portrait
based on face image data entered by the image input
device. The plurality of image classes are classified by
types, expressions, ages and sexes.

In this image creating apparatus, an image or a por-
trait based on entered image data or face image data is
created by image component data corresponding to a
selected image class, so that plural kinds of images or
portraits having different styles and expressions may be
created based on the entered single image data or face
image data. The image component is selected by the
select rule so that it may be finely selected according to
each image class.

According to a second aspect of this invention,
there is provided an image creating apparatus accord-
ing to the first aspect of this invention wherein the con-
trol device creates a plurality of images, and which
includes an image display device for displaying the plu-
rality of images created by the control device, an image
select device for receiving a selection of one of the plu-
rality of images displayed by the image display device,
and an output device for producing an image selected
by the image select device.

This apparatus displays a plurality of images based
on the plurality of image classes having different trends
in character quantities of a singe image data and selec-
tively generates one of the displayed plural images.
Accordingly, after confirming an image creating status
for the plurality of images having different classes, an
operator may selectively generate his or her favorite
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image from the plurality of images.

According to a third aspect of this invention, there is
provided an image creating apparatus according to the
second aspect of this invention in which the control
device creates a first image and a single or a plurality of
second images by selecting image component data
from the storage device based on the character quantity
of the image component extracted from the image data
entered by the image data, an image class selected by
the class select device and a single or a plurality of
image classes not selected by the class select device,
the image display device displays the second images in
a standby process in each of the devices or in a process
of the first image, and the image select device receives
a selection whether or not the second images are pro-
duced.

This apparatus creates an image based on the
selected image class and an image based on non-
selected image class to be displayed in the standby
process or in the process of an image according to the
selected image class for selective output. The image
based on non-selected image class is also selectively
outputted to improve its operation efficiency.

According to a fourth aspect of this invention, there
is provided an image creating apparatus according to
the first aspect of this invention in which the input device
receives color image data, the storage device stores
component image data of a plurality of components
including standard color data of at least one image com-
ponent, and the control device exiracts a character
quantity of a plurality of components including color of
the at least one component from color image data
entered by the image input device, reads out compo-
nent image data from the storage device based on the
extracted character quantity, and corrects a standard
color of a corresponding component based on the
extracted color to create an image. The control device
extracts colors of a plurality of portions in at least one
component of the entered color image data, and
decides whether or not other component is selected as
a result of comparison among the colors of the plurality
of portions. For instance, when a center of a cheek is
redder in comparison with its outer portion, a compo-
nent different from normal is added into a cheek of the
portrait.

This image creating apparatus extracts a character
quantity of a plurality of face components including color
of at least one component from entered color face
image data and corrects a standard color of at least one
face component image so that a portrait with bright
color may be created based on the entered color face
image data.

According to a fifth aspect of this invention, there is
provided an image creating apparatus which includes a
storage device for storing images of a plurality of com-
ponents included in a single composite image with dis-
tance data from a view point to the respective images,
images of a plurality of small components which are
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divided about one or all of the components according to
a distance from the view point with distance data from a
view point to the respective images for each compo-
nent, and an image composite device for executing an
process for each pixel to select an image having the
shortest distance from the view point in the images of a
plurality of components or small components extracted
from the storage device. The view point represents a
view point of a person who watches the portrait. An
image of a component placed in an area in a distance
direction from the view point to the images of other com-
ponent or other small component in the plurality of com-
ponents is divided into images of a plurality of small
components placed in front and back of the other com-
ponent or the other small components. The composite
image is a face image composed by a plurality of face
components, and an image of hair is divided into
images of small components placed in front and back of
the face image.

This image creating apparatus can express a com-
posite image in three dimensions without increasing the
number of images, whereby reproduction of portraits
created based on the entered face image data is
ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objectives and advantages of this invention
will be more readily apparent from the following detailed
description provided in conjunction with the following
figures, of which:

Fig. 1 is a schematic block diagram of an image cre-
ating apparatus as a first embodiment of this inven-
tion;

Fig. 2 represents stored data in a face image com-
ponent library of a storage device employed in the
image creating apparatus;

Fig. 3 represents stored data in a rule library of a
storage device employed in the image creating
apparatus;

Fig. 4 is a flow chart for creating an image in the
image creating apparatus;

Fig. 5 illustrates a process for selecting, deforming
and arranging face component images in the image
creating apparatus;

Fig. 6 shows a creating status of a portrait to select
an image class, "laugh”, "cry or "anger”;

Fig. 7 shows a creating status of a portrait for each
image class about the same person when brush-
work by painters and style difference by the same
painter may be selected as image classes in the
image creating apparatus;

Fig. 8 shows storage in the face component library
and the rule library and a creating status of a por-
trait when animals may be selected as image
classes in the image creating apparatus;

Fig. 9 is a schematic block diagram of an image cre-
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ating apparatus as a second embodiment of this
invention;

Fig. 10 is a flow chart for creating an image in the
image creating apparatus of Fig. 9;

Fig. 11 is a display status of a portrait made by the
image creating apparatus of Fig. 9;

Fig. 12 is a flow chart of creating an image by an
image creating apparatus as a modification of the
second embodiment of this invention;

Fig. 13 is a display status of a portrait made by the
image creating apparatus of Fig. 12;

Fig. 14 is a schematic block diagram of an image
creating apparatus as a third embodiment of this
invention;

Fig. 15 is a flow chart for creating an image in the
image creating apparatus of Fig. 14;

Fig. 16 is a flow chart for extracting a color in the
image creating apparatus of Fig. 14;

Fig. 17 illustrates a process for correcting a stand-
ard color and adding a cheek component in the
image creating apparatus of Fig. 14;

Fig. 18 shows a storage status about a contour
image and a hair image in a face component library
of an image creating apparatus as a fourth embod-
iment of this invention;

Fig. 19 is a flow chart of an image composite proc-
ess in the image creating apparatus;

Fig. 20 is a status of a composite image in the
image composite process of Fig. 19; and

Fig. 21 is a status of a composite image in an image
creating apparatus as a modification of Fig. 20.

DETAILED DESCRIPTION OF THE INVENTION

Referring, now, to Fig. 1, there is shown a sche-
matic block diagram of an image creating apparatus 1
as a first embodiment of this invention, which creates a
portrait specifying one of a plurality of image classes
such as brushwork, expressions and so forth based on
a character quantity of a face component extracted from
entered face image data. The face components
includes eyes, noses, mouths, eyebrows, ears and hair.
The brushwork means trends of exaggeration and
deformation in respectively uniformed face compo-
nents, and is different for each painter. The same
painter makes different styles such as a comics charac-
ter style, a handsome man style, a beautiful woman
style, and a real style. The expressions represent a sta-
tus of a face expressing feelings.

The image creating apparatus 1 includes a control
device 2 for creating a portrait by selecting, deforming
and arranging each face component as an image com-
ponent, a storage device 3 for storing a plurality of face
component data therein, an image input device 4 such
as a video camera for receiving image data, a character
quantity extract device 5 for extracting a character quan-
tity of a face component included in the received image
data, a class input device 6 for receiving a selection-
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input for an image class such as brushwork, expression
and so forth, and an image output device 7 such as a
printer for outputting the created image.

The control device 2 controls the image input
device 4, the character quantity extract device 5, the
class input device 6 and the image output device 7. The
device 2 includes a component data select means 8 for
reading out a select rule, a deform rule and an arrange
rule from the storage device 3 to further read out a face
component from the storage device 3 according to the
read out select rule, a component deform means 9 for
deforming the face component according to the read out
deform rule, and a component arrange means 10 for
arranging the face component according to the arrange
rule after the deformation.

The storage device 3 stores face component data
including face components and rules for selecting,
deforming and arranging a face component. The device
3 includes a face image component library 11 storing a
plurality of images about the respective face compo-
nents which are classified for each image class, and a
rule library 12 storing each rule group classified into
each image class to be used for selecting, deforming
and arranging a face component.

As shown in Fig. 2, the face component library 11 is
composed of a plurality of image libraries 11a through
11g for the respective face components of eyes, noses,
mouths, eyebrows, ears, contours and hair. Each image
library corresponding to each face component stores a
plurality of image groups classified to image classes
"i=1 to n" in each of which image elements are different.
For instance, the eye image library 11a stores an image
group composed of a plurality of eye images each hav-
ing different image elements about gradient and round-
ness for each image class. The image elements are an
item for measuring a character quantity extracted from
the entered image data.

As shown in Fig. 3, the rule library 12 includes a
select rule library 12a, a deform rule library 12b and an
arrange rule library 12c¢, each of which stores a rule
group consisting of a plurality of rules about each of
image classes "i=1 to n" for each face component. For
instance, the select rule library 12a includes a select
rule group for each image class. One select rule group
consists of select rules such as a slant rule and a round-
ness rule about an eye to specify each image in the
respective image libraries 11ato 11g of the face compo-
nent library 11.

Each rule may be represented by membership
functions and fuzzy rules of fuzzy reasoning. For
instance, in a membership function, an area including a
measurement result of a character quantity about each
image element is represented by a label of an anteced-
ent of a fuzzy rule, and each image is represented by a
consequent output of the fuzzy rule. Each rule may be
composed by a table.

The image input device 4 is composed of a video
camera for taking an image of a face of a person, but
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may be represented by a scanner for reading a picture
of a face. The character quantity extract device 5 image-
processes face image data entered by the image input
device 4 and extracts a character quantity of a face
component after specifying a position of the face com-
ponent in the processed face image data. For instance,
measured values of slant, roundness (a ratio of length
and breadth) and size about an eye are extracted as a
character quantity of a face component. The class input
device 6 is represented by a keyboard or a mouse to
receive a selection-input of an image class such as
brushwork, expression, age, sex and so forth. The
image output device 7 is a printer outpuiting a compos-
ite image on paper.

Fig. 4 is a flow chart for creating an image in the
image creating apparatus 1 of this embodiment. The
control device 2 receives a selection-input for an image
class by the class input device 6 (a step s1), and the
image input device 4 takes a face image upon the entry
of the selection of the image class (a step s2). The con-
trol device 2 applies a predetermined image process to
the face image data taken by the image input device 4
(a step s3), and specifies a face component in the face
image data after processing the face image to exiract
the character quantity (a step s4).

Then, the control device 2 reads a select rule for
selection of the face component image from the select
rule library 12a of the storage device 3 based on the
entered image class (a step s5), and selects a face
component image from one of image libraries in the
image component library 11 (a step S6). Moreover, a
deform rule for deforming the face component image is
read out from the deform rule library 12b based on
entered image class (a step s7), the face component
image is deformed based on the read out deform rule
and the extracted character quantity (a step s8), an
arrange rule for an arrange position of the face compo-
nent image is read out from the arrange rule library 12¢
based on the entered image class (a step s9), and an
arrange position for the face component image is
decided based on the read out arrange rule and the
extracted character quantity (a step $10).

The control device 2 executes the process from the
step s4 to the step s10 about each face component (a
step s11). After the decision of the selection, the defor-
mation and the arrange position of the face component
image is finished about all face components, the
selected and deformed face component image is
arranged at the decided arrange position to compose a
face image (a step s12) and the composite face image
is generated through the image output device 7 (a step
s13).

The control device 2 may be represented by a
microcomputer, and the storage device 3 may be repre-
sented by a hard disk drive. The processing contents by
the control device 2 and the storage contents of the
storage device 3 may be supplied from the external
through a storage media.
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Fig. 5 illustrates a process for selecting, deforming
and arranging a face component image in the image
creating apparatus 1. When the selection, the deforma-
tion and the determination of an arrange position is
processed by the process from the step s4 to the step
s10 about an eye image as a face component, an eye is
specified in the image data applied by a predetermined
image process, and an angle "0" between a center line
of eyes and a horizontal line, a width "x" of the eye, a
height "y", a spacing "d", and a distance "h" from the
center line of the eyes to a chin are measured as shown
in Fig. 5 at (A).

Then, a select rule group to be used based on a
previously selected class "i" is read out, the values of
angle "0" and "x/y" are respectively applied to a slant
rule of the eye and a roundness rule of the eye included
in the select rule group to determine a label of a range
including the measured values about the slant and the
roundness of the eye as shown in Fig. 5 at (B). By using
the label determined about the slant and roundness of
the eyes, an image of the corresponding eyes is chosen
from image group of eyes in the image class selected in
the eye component library 11a as shown in Fig. 5 at (C).

Then, a deform rule group to be used is read out
based on the class "i" selected beforehand, a size rule
of eyes included in the deform rule group is applied by
the width "x" of the eye and the height "y" of the eyes to
determine a dilatation ratio and a contraction ratio of the
eye image. An arrange rule group to be used is read out
based on the class "i" selected beforehand, an arrange
rule of eyes included in the arrange rule group is applied
by the spacing "d" of the eyes and the distance "h" from
the center line of eyes to the chin to determine an
arrange position of the eyes within a contour of the face.

A same operation as the foregoing operation is exe-
cuted about other face components to determine selec-
tions, deformations and arrange positions about all of
the face components. The deformations, however, are
executed only about face contours, eyes and a mouth
but not executed about other face components. Eyes
and mouth may be included into a selection process by
storing different size images in the face component
library 11.

Thus, images of face components and rules about
selection, deformation and arrangement of face compo-
nents are stored for each image class, selection-input
for a desired image class is received, an image of a face
component corresponding to the selected image class
is selected, deformed and arranged by the rule corre-
sponding to the image input to create a portrait by the
selected image class. For instance, when the image
classes are selectable from "laugh”, "cry” and "anger”
and an image data shown in Fig. 6 at (A) is entered, por-
traits shown in Fig. 6 at (B) to (D) are created according
to selection in the image classes.

When the image classes are selectable according
to differences of brushwork for each painter and styles
by the see painter and a face image data shown in Fig.
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7 at (A) is entered, a portrait is selectively created from
a beautiful woman style portrait by a painter A as shown
in Fig. 7 at (B), a comics character style portrait by the
painter A as shown in Fig. 7 at (C), an animal style por-
trait by the painter A as shown in Fig.7 at (D) and a real
style portrait by a painter B as shown in Fig. 7 at (E).
Thus, plural kinds of portraits having different brush-
work are selectably created about the same person,
and the same person may repeatedly create a portrait
by selecting other brushwork than the formerly made
brushwork, so that a frequency of use and an operation
efficiency in the image creating apparatus are improved.

When images replaced by animals such as a horse
and a cat are stored in the face component library 11
and rules for selecting, deforming and arranging an
image corresponding to a character quantity extracted
from image data are stored in the rule library 12 for each
animal as shown in Fig. 8 at (A) and (B), a composite
portrait composed by the selected animal may be cre-
ated as shown in Fig. 8 at (C) and (D).

When images different by an age and a sex as
image classes are stored in the face component library
11 and rules for selecting, deforming and arranging an
image corresponding to a character quantity extracted
from image data are stored in the rule library for each
age and sex, a portrait corresponding to an age and a
sex entered as image classes may be created.

In Fig. 9 there is shown a schematic block diagram
of an image creating apparatus as a second embodi-
ment of this invention. The same components corre-
sponding to those in the fist embodiment are given the
same reference numerals and their explanation is omit-
ted. The image creating apparatus of this embodiment
is provided with a later-described image display device
13 and a later-described image select device 14. In Fig.
10, there is shown a flow chart for creating an image in
the image creating apparatus of Fig. 9, wherein the
same steps corresponding to those of Fig. 4 are given
the same reference numerals and the steps executing
processes similar to those of Fig. 4 are given the same
reference numerals marked with dash markings.

The control device 2 receives a selection-input for
an image class by the class input device 6 (a step s1),
and the image input device 4 takes a face image upon
the entry of the selection of the image class (a step s2).
The control device 2 applies a predetermined image
process to the face image data taken by the image input
device 4 (a step s3), and specifies a face component in
the face image data after processing the face image to
extract the character quantity (a step s4).

Then, the control device 2 regards entered image
class as a first image class and note-entered image
class as a second image class, and reads a select rule
for selection of the face component image from the
select rule library 12a of the storage device 3 based on
the first and second image classes (a step s5), and
selects a face component image from one of image
libraries in the image component library 11 based on
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the read out select rule and the exiracted character
quantity (a step s6).

The second image class is determined from a plu-
rality of image classes stored beforehand under a single
condition in which the second image class is a different
image class from the first image class select-entered
through the class input device 6. For instance, an image
class whose predetermined priority is the second rank
of the first image class may be selected.

Moreover, a deform rule for deforming the face
component image is read out from the deform rule
library 12b based on entered image class (a step s7),
the face component image is deformed based on the
read out deform rule and the extracted character quan-
tity (a step s8), an arrange rule for an arrange position
of the face component image is read out from the
arrange rule library 12¢ based on the entered image
class (a step s9), and an arrange position for the face
component image is decided based on the read out
arrange rule and the extracted character quantity (a
step s10).

The control device 2 executes the process from the
step s4 to the step s10 about each face component for
the first and the second image classes (a step s11’).
After decision of the selection, the deformation and the
arrange position of the face component image is fin-
ished about all face components for each of the first and
second image classes, the selected and deformed face
component image is arranged at the decided arrange
position to compose a first face image of the first image
class and a second image class of the second image
class (a step s12") and the composited first and second
images are displayed by the image display device 13 (a
step s13)).

Then, the control device 2 actuates the image out-
put device 7 to output the first face image (a step s14),
and receives a selection-input whether or not the sec-
ond face image is outputted in an output process of the
firstimage (steps s15 and s16). If the output of the sec-
ond face image is selected by manipulating the image
select device 14 in an output processing of the first
image, the image output device 7 generates the second
image following to the completion of an output process
of the first face image (steps s17 and s18).

The control device 2 is represented by a microcom-
puter, and the storage device 3 is represented by a hard
disk driver. The processing contents by the control
device 2 and the storage of the storage device 3 may be
supplied from the external.

An example of creating a portrait is omitted herein
because it is described above in conjunction with Figs.
5and 6,

As shown in Fig. 11, the image display device 13
represented by a display such as CRT, LCD or the like is
composed of a pair of image display areas 13a and 13b.
When "laugh” is chosen as an expression class in the
step s1 of Fig. 10, a portrait 13a having an expression of
"laugh” is displayed in one image display area 13a of
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the image display device 13 as a first face image. Simul-
taneously, a face image in the not-selected class, for
instance, a portrait having an expression "anger” is dis-
played in other image display area 13b of the image dis-
play device 13 as a second face image. If the image
select device 14 which is a key disposed on an opera-
tional panel is manipulated during the time when the
image output device 7 outputs the portrait 13a having
the expression "laugh”, the portrait having the expres-
sion "anger” is outputted.

In Fig. 12, there is shown a modification of the
sequence of Fig. 10, in which the second face image is
created in the second image class during an output
process of the first face image in the first image class
(steps s41 to s53) and it is inquired if the second face
image is outputted (step s51). Accordingly, it is possible
to store a character quantity of a face component
extracted when a face image in the first image class is
created and to create an face image in the second
image class. If the output of the second face image is
not chosen when the second face image is displayed for
a predetermined time period, the sequence from step
s51 to s54 is repeated and still another face image is
created to be displayed based on other image class
than the first and second image classes, so that plural
kinds of portraits with different brushwork and expres-
sions are outputted.

When "laugh” is chosen as an expression class in
the step s1 of Fig. 10, a portrait having an expression of
"laugh” displayed by the image output means 7 as a first
face image is displayed in one image display area 13a
of the image display device 13 as shown in Fig. 13 at
(A). Then, during a time when the portrait of "laugh” is
outputted, a face image in a non-chosen image class,
for instance, a portrait having an expression of "anger”
is created as a second face image to be displayed in
other image display area 13b of the image display
device 13 as shown in Fig. 13 at (B).

When images replaced by animals such as a horse
and a cat are stored in the face component library 11
and rules for selecting, deforming and arranging an
image corresponding to a character quantity extracted
from image data are stored in the rule library 12 for each
animal as shown in Fig. 8 at (A) and (B), a composite
portrait composed by the selected animal may be cre-
ated as shown in Fig. 8 at (C) and (D).

When images different by an age and a sex as
image classes are stored in the face component library
11 and rules for selecting, deforming and arranging an
image corresponding to a character quantity extracted
from image data are stored in the rule library 12 for each
age and sex, a portrait corresponding to an age and a
sex entered as image classes may be created.

In addition, if output of the portrait wants to be
charged, a condition for throwing money may be
included in the selection process of the image classes
(steps s1 and s21) and the selection process of output
of the second image (steps s15 and s51).

10

15

20

25

30

35

40

45

50

55

Fig. 14 is a schematic block diagram of an image
creating apparatus 21 as a third embodiment of this
invention, and the same components as those in the
foregoing embodiments are given the same reference
numbers.

The image creating apparatus 21 creates a color
portrait specifying brushwork, expression and so forth
based on a character quantity of a face component
extracted from entered color face image data. The face
components are eyes, noses, mouths, eyebrows, ears
and hair. The brushwork means trends of exaggeration
and deformation in respectively uniformed face compo-
nents, and is different for each painter. The same
painter makes different styles such as a comics charac-
ter style, a handsome man style, a beautiful woman
style, and a real style. The expressions represent a sta-
tus of a face expressing feelings.

The image creating apparatus 21 includes a control
device 22 for creating a portrait by selecting, deforming
and arranging each face component as an image com-
ponent, a storage device 3 for storing a plurality of face
component data therein, an image input device 24 such
as a video camera for receiving color image data, a
character quantity extract device 5 for extracting a char-
acter quantity of a face component included in the
received image data, a color extract device 23 for
extracting color of hair and a cheek in the image data, a
class input device 6 for receiving a selection-input for an
image class such as brushwork, expression and so
forth, and an image output device 27 such as a printer
for outputting the created color image.

The control device 22 controls the image input
device 24, the character quantity extract device 5, a
color extract device 23, the class input device 6, and the
image output device 7. The device 22 includes a com-
ponent data select means 8 to read out from the storage
device 3 a select rule, a deform rule and an arrange rule
which correspond to the entered image class and to fur-
ther read out a face component from the storage device
3 according to the read out select rule and the character
quantity extracted from the character extract device 5, a
color correct means 24 for correcting a standard color of
face contours and hair in the face components read out
by the component data select means 8 based on a color
extracted by the color extract device 23, a component
deform means 29 for deforming the face component
according to the read out deform rule, and a component
arrange means 30 for arranging the face component
according to the arrange rule after the deformation.

The storage device 3 stores face component data
including face component images and rules for select-
ing, deforming and arranging images of face compo-
nents. The storage device 3 includes a face image
component library 11 storing a plurality of images about
the respective face components which are classified for
each image class, and a rule library 12 storing each rule
group classified into each image class to be used for
selecting, deforming and arranging a face component.
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The face component library 11 is composed of a
plurality of image libraries 11a through 11g for the
respective face components of eyes, noses, mouths,
eyebrows, ears, contours and hair as shown in Fig. 2.
Each image library corresponding to each face compo-
nent stores a plurality of image groups classified to
image classes "i=1 to n" in each of which image ele-
ments are different. For instance, the eye image library
11a stores an image group composed of a plurality of
eye images each having different image elements about
gradient and roundness for each image class. The face
contour image library 11f and the hair image library 11g
are composed of a plurality of images of face contours
and hair which are respectively different about a shape
of a face representing a character quantity of face con-
tours and a shape of hair representing a character
quantity of hair, and each image is applied by a prede-
termined standard color. This standard color is a bright
color corresponding to each image class, which is differ-
ent from a color of a real face. For instance, in an image
class of a comics character style, reddish pink may be a
standard color in a face contour image, and yellow also
may be a standard color in a hair image.

As shown in Fig. 3, the rule library 12 includes a
select rule library 12a, a deform rule library 12b and an
arrange rule library 12c, each of which stores a rule
group consisting of a plurality of rules about each of
image classes "i=1 to n" for each face component. For
instance, the select rule library 12a includes a select
rule group for each image class. One select rule group
consists of select rules such as a slant rule and a round-
ness rule about an eye to specify each image in the
respective image libraries 11a to 11g of the face compo-
nent library 11 (see Fig. 5 at (B)).

Each rule may be represented by membership
functions and fuzzy rules of fuzzy reasoning. For
instance, in a membership function, an area including a
measurement result of a character quantity about each
image element is represented by a label of an anteced-
ent of a fuzzy rule, and each image is represented by a
consequent output of the fuzzy rule (see Fig. 5 at (C)).
Each rule may be composed by a table.

The image input device 24 is composed of a video
camera for taking an image of a face of a person, but
may be represented by a scanner for reading a picture
of a face. The character quantity extract device 5 image-
processes face image data entered by the image input
device 24 and extracts a character quantity of a face
component after specifying a position of the face com-
ponent in the processed face image data. For instance,
measured values of slant, roundness (a ratio of length
and breadth) and size about an eye are extracted as a
character quantity of a face component. The class input
device 6 is represented by a keyboard or a mouse to
receive a selection-input of an image class such as
brushwork, expression, age, sex and so forth. The
image output device 27 is a printer outputting a compos-
ite image on paper.
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Fig. 15 is a flow chart for creating an image in the
image creating apparatus 21 of this embodiment. The
control device 22 receives a selection-input for an
image class by the class input device 6 (a step s61), and
the image input device 24 takes a color face image upon
the entry of the selection of the image class (a step
s62). The control device 22 applies a predetermined
image process to the color face image data taken by the
image input device 4 (a step s63), and specifies a face
component in the face image data after processing the
face image to extract the character quantity (a step
s64). Moreover, the control device 22 extracts color of
hair and face contours in the color face image data by a
color extract device 23 (a step s65). The extracting proc-
ess in the step s64 and the extracting process in the
step s65 will be described later in detail.

Then, the control device 22 reads a select rule for
selection of the face component image from the select
rule library 12a of the storage device 3 based on the
entered image class (a step $66), and selects a face
component image from one of image libraries in the
image component library 11 (a step S67). As described
above, the images of hair and face contours in the face
component images selected from the image library are
applied by a predetermined standard color. The control
device 22 corrects the standard color about the images
of hair and face contours by the color correct means 24
based on the average values of the respective colors of
RGB in a top area of a head and in a large area of a
cheek entered by the color extract device 23 (steps s68
and s69). Next, the control device 22 judges if a cheek
component should be added to a portrait based on an
average value of an R color in a large area of the cheek
and an average value of an R color in a small area of the
cheek entered by the color extract device 23 (step s70).
A correct process of the standard color in the step s69
and the addition process of the cheek component will be
described in detail later.

Moreover, the control device 22 reads out a deform
rule for deforming the face component image from the
deformrule library 12b based on entered image class (a
step s71), deforms the face component image based on
the read out deform rule and the determined character
quantity (a step s72), reads out an arrange rule for an
arrange position of the face component image from the
arrange rule library 12¢ based on the entered image
class (a step s73), and decides an arrange position for
the face component image based on the read out
arrange rule and the determined character quantity (a
step s74).

The control device 2 executes the process from the
step s64 to the step s74 about each face component put
only about the hair and face contours (a step s75). After
the decision of the selection, the deformation and the
arrange position of the face component image are fin-
ished about all face components, the selected and
deformed face component image is arranged at the
decided arrange position to compose a face image (a
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step s76) and the composite face image is generated
through the image output device 27 (a step s77).

The control device 22 may be represented by a
microcomputer, and the storage device 3 may be repre-
sented by a hard disk drive. The processing contents by
the control device 22 and the storage contents of the
storage device 3 may be supplied from the external
through a storage media.

In the character extracting process of the step s64,
for instance, when a character quantity about an eye
image is determined as a face component, the charac-
ter quantity extract device 5 specifies eyes in the face
image data to measure an angle "6" between a center
line of eyes and a horizontal line, a width "x" of the eye,
a height "y", a spacing "d", and a distance "h" from the
center line of the eyes to a chin as shown in Fig. 5 at (A).
The character extract device 5 applies the measured
character quantity "6" and "y/x" to the component data
select means 8. The component data select means 8
reads out a select rule group to be used based on a
class i selected and entered beforehand and applies the
values of angle "0" and "x/y" to a slant rule of the eye
and a roundness rule of the eye included in the select
rule group to determine a label of a range including the
measured values about the slant and the roundness of
the eye as shown in Fig. 5 at (B). By using the label
determined about the slant and roundness of the eyes,
an image of the corresponding eyes is chosen from
image group of eyes in the image class selected in the
eye component library 11a as shown in Fig. 5 at (C).

Then, the component deform means 29 reads out a
deform rule group to be used is read out based on the
class i selected beforehand, a size rule of eyes included
in the deform rule group is applied by the width "x" of the
eye and the height "y" of the eye to determine a dilata-
tion ratio and a contraction ratio of the eye image. The
component arrange means 30 reads out an arrange rule
group to be used is road out based on the class "i"
selected beforehand, applies the character quantities
"d" and "h" to the read out arrange rule group to deter-
mine an arrange position of the eyes within contours of
the face.

Same process as described above is executed
about other face components to decide the selection,
deformation and arrange position, wherein the deforma-
tion is executed only about the face contours, eyes and
mouth, not other face components. The process of the
eyes and mouth may be included into the selection
process by storing images having different sizes in the
face component library 11.

As shown in Fig. 16, the color extract device 23 in
the extract process of the step s65 of Fig. 15 reads out
face image data after its image process from the image
input device 24 (a step s81), detects an area of a top of
a head in the face image data (a step s82), finds an
average value of each color of three primary colors of
additive mixture RGB about pixels in the detected area
(a step s83), detects large and small areas of a cheekin
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the entered face image data (see Fig. 17 at (A)) (a step
s84), extracts an average value of each color of RGB
about pixels included in the detected large area (a step
$85), extracts an average value of an R color about pix-
els included in the detected small area of cheek (a step
$86), and outputs the extracted average values of each
color of RGB in the top area of the head and each color
of RGB in the large area of the cheek and R ¢olor in the
small area of the check to the color correct means 24 of
the control device 22 (a step s87).

In the correct process of the standard color in the
step s69 of Fig. 15, the color correct means 24 com-
pares the average value of each color of RGB in the top
area of head and the large area of cheek entered by the
color extract device 24 with a standard value of Japa-
nese to modify a ratio of the standard color of hair or
face contours about a color having a difference larger
than a predetermined quantity from the standard value
of Japanese in its comparison result. For instance,
when the average value of R color in the top area of
head entered by the color extract device 23 is higher
than the standard value of Japanese, the standard color
added into the hair image chosen from the image library
is corrected into more reddish color. As shown in Fig. 17
at (B), a plurality of standard colors about each of the
hair and the face contours are so prepared that stand-
ard colors may be chosen to be the closest to the aver-
age values of each color of RGB in the top area of head
and each color of RGB in the large area of cheek.

In the process of addition of the cheek component
in the step s70, when the average value of R color
included in the small area of cheek extracted from the
entered color face image data is high in comparison
with the average value of R color in the large area of
cheek, viz. when a center of the cheek in redder in com-
parison with an outside of the cheek in the color face
image data, red color cheek components having shapes
shown in Fig. 17 at (C) are added into the cheeks of a
portrait to create a portrait shown in Fig. 17 at (D). If
desired, an age of the entered color face image data
may be received to change cheek components accord-
ing to the age. For instance, the cheek components
shown in Fig. 17 at (C) are added when the entered age
is young, and red color cheek components having a
shape shown in Fig. 17 at (E) are added to create a por-
trait shown in Fig. 17 at (F) when the entered age is old.
The positions, shapes and colors of the added compo-
nents are not limited to the above.

Thus, the image creating apparatus 21 extracts
colors of hair and cheeks from the entered color face
image data, and corrects the standard colors which are
added beforehand into the images of hair and face con-
tours according to image classes based on the
extracted colors to create a portrait colored by image
classes including characteristics in colors of its real
face.

Predetermined standard colors of other face com-
ponents than the hair and face contours may be cor-
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rected according to colors extracted from color face
image data.

Fig. 18 shows a storage status about a contour
image and a hair image in a face component library of
an image creating apparatus as a fourth embodiment of
this invention. The image creating apparatus employs
the same block diagram as that of Fig. 9 including the
image face component library 11 of Fig. 2 and the rule
library Fig. 3. An operation of this apparatus has a same
flow chart as that of Fig. 4 except that the composite
face image composed in the step s12 is displayed in the
image display device 13. Other components and expla-
nation than those of the foregoing embodiments will be
described hereinafter.

Returning to Fig. 18, a storage in a part of the face
component library 11 of this embodiment is shown in
detail. The image library of the contours 11f stores a
plurality of contour image groups for each image class.
One contour image group is composed of a plurality of
contour images. As shown in Fig. 18 at (A), each con-
tour image is composed by arranging a contour image
32 of a face having a predetermined color at a predeter-
mined position within an image frame 31 corresponding
to a full screen of an image face. Image data of the pre-
determined color is written into pixels within the contour
image 32 of the face in the image frame 31. Transparent
image data is written into pixels of other portion than the
face contour image 32 in the image frame 31. One of
the pixels written by the transparent image data in the
image frame 31 is shown at a reference point 33. The
image frame 31 is provided with a layer number 34 of
"3".

That is, the face images are composite images
composed by a plurality of face component images
which are composed by a plurality of layers having dif-
ferent distances from a view point, and each layer is
provided with an image frame with a size corresponding
to a full screen of an image face. The respective layers
are provided with layer numbers "1, 2, 3..." in order of
the shortest distance from the view point. Thus, a face
image is composited referring to a layer number
assigned to each image frame 31. As described above,
the layer number corresponds to distance information of
this invention.

The hair image library 11g stores a plurality of hair
image groups for each image class. One hair image
group is composed of a plurality of hair images. Each
hair image is divided into an image of front hair posi-
tioned in front of face contours and an image of back
hair positioned behind the face contours for storage. As
shown in Fig. 18 at (B), each hair image is composed by
respectively arranging the front and back hair images 37
and 38 with a predetermined color at predetermined
positions within a pair of image frames 35 and 36 corre-
sponding to full screens of image faces. Thus, image
data of the predetermined color is written into the pixels
in the front hair image 37 and the back hair image 38
within the respective image frames 35 and 36. Image
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data of transparency it written into the pixels other than
the front and back hair images 37 and 38 within the
respective image frames 35 and 36. Reference points
39 and 40 are ones of pixels written by the transparent
image data in the respective image frame 35 and 36,
and are located at the same position as that of the refer-
ence point 33 of the image frame 31. The image frames
35 and 36 are respectively provided with a layer number
41 of "1" and a layer number 42 of "2".

Fig. 19 is a flow chart of an image composite proc-
ess in the image creating apparatus, which is details of
the image composite process of Fig. 4. Fig. 20 shows a
composite status of each composite image in the image
composite process of Fig. 19. As shown in Fig. 20 at
(A), the control device 2 arranges the images of eyes, a
nose, a mouth and eyebrows, which are chosen in the
step s6 of Fig. 4 and deformed in the step s8 of Fig. 4,
at the arrange position determined in the step s10 of
Fig. 4 within an image frame 51 provided with a layer
number "2" (a step s121). Then, as shown in Fig. 20 at
(B), the control device 2 piles up the image frame 51,
the image frame 31 in which an image of contours cho-
sen in the step s6 is arranged, and the image frames 35
and 36 in which the hair images are arranged by putting
an image frame having a smaller number at an upper
position wherein the positions of the pixels of the
respective face components are adjusted by letting the
reference points in the four image frames agreeing one
after another (a step s122).

By agreeing the coordinate values of the respective
pixels in each image frame, the positions of the images
of the respective image frames may be adjusted by the
coordinate values so that the reference points of the
respective image frames can be omitted.

The control device 2 judges if image data of a color
is assigned to each pixel in each image frame in order
of a higher layer number (steps s123 to s127). A color of
the image data with a higher layer number is deter-
mined as a color of the pixel (steps s128t0 s131). When
all image frames are not yet assigned by color image
data, a predetermined background color is determined
as a color of the pixel (a step $132). The control device
2 executes the process from the step s124 to the step
§132 about each pixel included in an image frame, viz.,
a full screen of an image face (steps s133 to §136), and
creates a single of a face image as shown in rig. 20 at
(©).

According to the image creating apparatus of this
embodiment, when the image of hair is composed of a
front hair image to be positioned in front of the face con-
tours and a back hair image to be positioned behind the
face contours, the hair image representing one face
component is divided into a pair of small component
images of a front hair image and a back hair image to
constitute a layer construction with the front and back
hair images and the face contour image for storage, and
the image data in the most upper layer is chosen about
each pixel to composite a face image. Accordingly, irrel-
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evant to any change of combination between the face
contour image and the hair image to be composited, the
hair image may be created in three-dimensions with
positioning the front hair image in front of the face con-
tours and the back hair image behind the face contours.

As the hair image to be composited to the same
contour image is changed or the contour image to be
composited to the same hair image is changed, an area
of the face contours hidden by the front hair and an area
of the back hair hidden by the face contour are changed.
In this image creating apparatus, the front hair image,
the face contour image and the back hair image are
arranged in order from top to down and the image data
of an image residing at upper position is chosen about
each pixel, so that the image data of the contour image
in the area hidden by the front hair is avoided to be cho-
sen as image data of a composite image. Therefore, the
contour image or the hair image is properly deformed
according to the forms of the composited hair image or
contour image, whereby a plurality of images agreeing
with the forms of the hair and contour images to be com-
posited are not required to be prepared for the same
contour and hair images.

When a hat is included as a component, a front por-
tion of the hat it located in front of the hair, and a rear
portion of the hat is located behind the hair. Accordingly,
an area of the hat hidden by the hair image varies with
the change of the hair image to be composited even if
the hat is not changed. By contrast, an area of the hair
image hidden by a front portion of the hat image varies
with the change of the hat image to be composited even
if the hair is not changed.

For instance, an image of a hat in Fig. 21 at (A) is
divided into a pair of small components of front and
back hat portion images, wherein an image frame
including the front hat portion image is given a higher
level number than a layer number of an image frame
including the hair image and an image frame including
the back hat portion image is given a lower level number
than a layer number of the image frame including the
hair image to be stored. By executing thus storage proc-
ess and a same process as that of Fig. 19, the hat
image shown in Fig. 21 at (A) and the face image shown
in Fig. 21 at (C) are composited to create a composite
portrait shown in Fig. 21 at (D).

When components of the composite image include
a background, a body part such as arms and other
goods, layer numbers are assigned to images of the
respective components and a same process as that of
Fig. 19 is executed, whereby a composite portrait is
easily created. Thus advantages may be expected in
other composite image composed by a plurality compo-
nents than the above-mentioned creation of a portrait
based on data of a face.

While various particular features of the invention
has been described, it will be apparent to those skilled
in the art that modifications may be made without
departing from the spirit and scope of the invention and
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it is, therefore, intended in the appended claims to cover
all such changes and modifications.

Claims
1. Animage creating apparatus (1) comprising

an image input device (4) for receiving input of
image data,

a storage device (3) storing a plurality of image
component data each having a different char-
acter quantity in each of a plurality of image
classifications which is provided with a different
trend of character quantity,

a class select device (6) for receiving a selec-
tion-input for one of said plurality of image
classes, and

a control device (2) for selecting image compo-
nent data from said storage device (3) based
on a character quantity of an image component
extracted from the image data received by said
image input device (4) and the image class
selected by said class select device (6) to cre-
ate an image.

2. Animage creating apparatus according to claim 1
in which said storage device (3) stores image com-
ponent data including a select rule of an image
component.

3. Animage creating apparatus according to claim 1
in which said image data input device (4) includes
an image pickup device for taking an image.

4. An image creating apparatus according to claim 1
in which said storage device (3) stores component
data about a face to create a portrait based on face
image data entered by said image input device (4).

5. An image creating apparatus according to claim 1
in which said storage device (3) stores a plurality of
image component data in each of a plurality of
image classes classified by a type, an expression,
an age and a sex.

6. An image creating apparatus according to claim 1
wherein said control device (2) creates a plurality of
images, and which includes an image display
device (13) for displaying the plurality of images
created by said control device (2), an image select
device (14) for receiving a selection of one of the
plurality of images displayed by said image display
device (13), and an output device (7) for producing
an image selected by said image select device.

7. An image creating apparatus according to claim 6
in which said control device (2) creates a firstimage
and a single or a plurality of second images by
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selecting image component data from said storage
device (3) based on the character quantity of the
image component extracted from the image data
entered by said image data input device (4), an
image class selected by said class select device (6)
and a single or a plurality of image classes not
selected by said class select device (6), said image
display device (13) displays said second images in
a standby process in each of said devices or in a
process of said first image, and said image select
device (14) receives a selection whether or not the
second images are produced.

An image creating apparatus according to claim 1
in which said image input device (24) receives color
image data, said storage device (3) stores compo-
nent image data of a plurality of components includ-
ing standard color data of at least one image
component, and said control device (22) extracts a
character quantity of a plurality of components
including color of said at least one component from
color image data entered by said image input
device (24), reads out component image data from
said storage device (3) based on the extracted
character quantity, and corrects a standard color of
a corresponding component based on the extracted
color to create the image.

An image creating apparatus according to claim 8
in which said control device (22) extracts colors of a
plurality of portions in at least one component of the
entered color image data, and decides whether or
not other component is selected as a result of com-
parison between the colors of the plurality of por-
tions.

An image creating apparatus comprising

a storage device (3) for storing images of a plu-
rality of components included in a single com-
posite image with distance data from a view
point to the respective images, images of a plu-
rality of small components divided about one or
all of the components according to a distance
from the view point for each component,

an image composite device for executing an
process for each pixel to select an image hav-
ing the shortest distance from the view point in
the images of a plurality of components or
small components extracted from said storage
device (3).

An image creating apparatus according to claim 10
in which an image of a component placed in an
area in a distance direction from the view point to
the images of other component or other small com-
ponent in said plurality of components is divided
into images of a plurality of small components
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13.

22

placed in front and back of the other component or
the other small components.

An image creating apparatus according to claim 11
in which said composite image is a face image
composed by a plurality of face components, and
an image of hair is divided into images of small
components (37 and 38) placed in front and back of
the face image.

An image creating method comprising the steps of

receiving input of image data through an image
input device (4),

storing in a storage device (3) a plurality of
image component data each having a different
character quantity in each of a plurality of
image classifications which is provided with a
different trend of character quantity,

receiving a selection-input for one of said plu-
rality of image classes through a class select
device (6), and

selecting image component data from said
storage device (3) based on a character quan-
tity of an image component extracted from the
image data received by said image input device
(4) and the image class selected by said class
select device (6) to create an image.
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